Microarray technology and protein biochips have advanced a lot in the past years and have allowed for substantial progress in bioanalysis and biosensors, especially in the fields of proteomics, protein quantification and functional protein evaluation. In combination with surface plasmon resonance (SPR)-based biosensors they have become important research tools for the real-time detection of molecular interactions, especially without having to resort to labeling. SPR offers numerous advantages over alternative methods, including rapid and real-time detection, high sensitivity and low sample consumption, and has been widely adopted both in basic research and in industry. In this paper we describe the functionalization of Cytomegalovirus pp65 antigen on SPR chips utilizing a nanoplotter robotic platform for the preparation of microarrays with up to 138 spots.
Introduction
The protein microarray technology enables the simultaneous analysis of multiple parameters in one experiment [1] . Protein biochips offer considerable advantages for research in the fields of biosensors, biocatalysis and bioanalysis. In those areas there is a persistent increase in demand for surfaces with defined and precise protein patterns in the nanometer range [2] . Besides the benefits of protein microarrays, for example only low amounts of proteins are necessary for the preparation, they require a higher number of working steps because of their complexity. Thus, the capability of protein biochips is very much depending on the immobilization technology. Basically protein arrays are composed of recombinant proteins which are deposited by a robotic platform onto a small flat surface. This is done fully automatic via needles in contact pressure process or without direct contact by piezoelectric pipettes, known from high throughput manufacturing of DNA microarrays [3] . The assembly of the biomolecular regions on the chips is denoted as spots with a size of less then 250 µm [4, 5] . Every spot functions as a sensor region of its own and all can be analyzed simultaneously allowing multiparametric approaches. Protein microarray technologies can be divided into two groups [6] . The first are arrays for proteome analysis, which aim on studying the protein expression and the quantification of protein amount. The second are applied for functional evaluation of proteins with 100 to 1000 immobilized molecules.
Here we describe the preparation of a protein microarray on SPR chips via a nanoplotter robotic platform using Cytomegalovirus pp65 antigen as immobilized ligands and specific pp65 antibodies as molecules to be detected.
Methods

SPR biosensor
The SPR measurements were carried out using the established Fraunhofer SPR system [7] [8] [9] . The biosensor comprises the measurement device and a lab-on-a-chip system, consisting of the SPR-chip and an on-chip-microfluidic (Image 1). The SPR biosensor is using angular-resolved analysis for quasi-monochromatic illumination by Light-emitting diodes (LED) with a wavelength of 810 nm. The on-chipmicrofluidic is made of an aluminum channel plate and a polydimethylsiloxane (PDMS, Dow Corning GmbH, Germany) flow cell. In addition to vacuum ports for the detention of the sensor chip by means of a pressure differential, the channel plate includes a heat exchanger and fluidic inand outlet ports. The temperature of the lab-on-a-chip system can be adjusted using a refrigerated heating circulator bath (Huber SE, Germany), a water bath or by an electrical temperature controller. The PDMS channel system is casted from a laser micro structured master. The disposable SPR chips (KDS Radeberger Präzisions-Formen-und Werkzeugbau GmbH, Germany) are injection molded polymer chips coated with a gold layer of 45 nm thickness (size: 12 x 3 mm 2 ), produced via magnetron sputtering by the Fraunhofer IOF. The optical elements are integrated directly into the bottom of the polymer slide, making the design relatively compact; which is desirable in a transportable SPR-system.
Nano-Plotter
For the spotting of the SPR chips a Nano-Plotter NP2.1 (GeSiM Gesellschaft fuer Silizium-Mikrosysteme mbH, Germany) was used. This device utilizes submicroliter piezoelectric dispensers to deploy sample droplets of nanoliter volume in a well-defined array (Image 2). This enables the automated immobilization of up to 180 different ligand spots, requiring smaller sample volumes and enabling multiplex measurement [9] .
Image 2 Nano-Plotter NP2.1 with SPR chips ready to be functionalized.
This platform can handle up to 55 chips or glass slides in 26 x 76 mm 2 dimension. To minimize evaporation the whole interior space has a relative humidity of 78 %. For every protein to be immobilized it performs the following sequence: (1) uptake of the sample prepared in multiwell plates, (2) drying of the pipette, (3) control of the nanospotting by a stroboscope camera, (4) spotting of the sample onto the substrate, (5) clearing, washing and drying of the pipette. The spotting array, the number of drops and the drop volume can be freely defined by writing a simple transfer list. The user can also specify voltage, pulse width and frequency of the piezo actuator determining the energy applied to the drop, thus influencing the quality of the drops dispensed by the piezoelectric pipette. To check the shape of the drops, the satellite forming and the drop trajectory an automated test precedes the actual spotting (Image 3), leading to an interruption of the spotting sequence starting with step one again. Depending on the used pipette the drop volume ranges between 0.1 to 0.4 nl.
Image 3
Stroboscope camera picture before nano-spotting to control the drop trajectory and satellite forming.
SPR experiments
Before experiments the SPR chips were cleaned by treating the gold with 10 drops NHO 3 (Sigma-Aldrich Chemie GmbH, Germany tion of bound IgG. For storage experiments the SPR chips were regenerated as above, put into falcon tubes with PBS (10 mmol/l) and stocked in a refrigerator at 4 °C.
Results
Through the addition of glycerol the evaporation of spotted protein samples could be minimized a lot increasing the time of dry up from 10 minutes to more than two hours. A further advantage is an enhanced adhesion of the spotted drops to the gold surface, leading to an improved stability of the drops and reducing the chance that adjacent drops are flowing into each other. Based on that the line spacing could be reduced and subsequently the number of spots be increased (Table 1 ). Without addition of glycerol a line spacing lower then 300 µm leads to merging spots. Using nano-spotting we could immobilize up to 138 different ligands onto one chip which are then specific analyzed by SPR measurement. Image 5 shows the spotting layout for 120 spots on one SPR chip for example.
Image 5
Spotting layout for 120 protein spots on the gold surface of a SPR chip.
This enabled the simultaneous specific detection of multiple analytes within one sample of only 55 μl. Based on this method pp65 antibodies could be detected with identical sensor signals on parallel functionalized chips. Furthermore, the antibody binding could be separated from the antigen with KOH (pH 12.85) leading to a regeneration of the sensor surface. This offers the possibility for sequential measurements (Image 6). Furthermore we examined the long-time stability of those nano-spotted chips. For this we performed SPR experiments with one measurement of pp65 antigen and pp65 IgG interaction a week. The chip was then regenerated and stored at 4 °C before tested again (Image 7).
Image 6 SPR results for the interaction of 11 subsequent injections of pp65 antibodies (20 µg/ml) with pp65 antigen immobilized via nano-spotting on chip and a regeneration step with KOH (pH 12.85) in between.
Image 7 SPR measurements of the interaction of pp65 IgG with pp65 antigen and P on a SPR chip stored at 4 °C.
Conclusion
Through application of non-contact printing by a nanoplotter robotic platform a universal method for the generation of ready-to-use chips for SPR measurements could be successfully established. This method allows for an automated functionalization of up to 138 spots on the gold surface of a SPR chip. Besides the increased number of spots this method uses a lot less volume of the protein sample to be immobilized as with a 17 channel immobilization flow cell [8] . This technology can prepare more than one chips in parallel, saves man-power and achieves also more reproducible results in comparison to manual methods.
In future experiments we try to further increase the number of spots if possible, trying to reach at least 180 as reported earlier [9] . Also we are very much interested in enhancing the stability of ready-to-use SPR chips by optimizing the storage conditions and the functionalization procedure.
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